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In thin magnetic layers with structural inversion asymmetry and spin-orbit coupling, the
Dzyaloshinskii-Moriya interaction arises at the interface. When a spin wave current jm flows in
a system with a homogeneous magnetization m, this interaction produces an effective field-like
torque of the form TFL ∝m× (z× jm) as well as a damping-like torque, TDL ∝m× [(z× jm)×m],
the latter only in the presence of spin-wave relaxation (z is normal to the interface). These torques
mediated by the magnon flow can reorient the time-averaged magnetization direction and display
a number of similarities with the torques arising from the electron flow in a magnetic two dimen-
sional electron gas with Rashba spin-orbit coupling. This magnon-mediated spin-orbit torque can
be efficient in the case of magnons driven by a thermal gradient.
Recent developments in condensed matter physics have
renewed the interest of the scientific community in the
design and properties of materials with large spin-orbit
coupling. Topics such as spin Hall effect [1], topological
insulators [2], or skyrmions [3], all taking advantage of
relativistic effects in solid state, have profoundly chal-
lenged our understanding of spin transport lately and
present tremendously rich opportunities for innovative
expansion of the research in condensed matter systems.
Utilizing spin-orbit coupling to enable the electrical ma-
nipulation of ferromagnets and magnetic textures has
attracted a considerable amount of interest in the past
few years [4–6]. The key mechanism, tagged spin-orbit
torque, appears in ultrathin magnetic systems displaying
inversion symmetry breaking such as (but not limited
to) bilayers composed of noble metals and ferromagnets.
The recent experimental results are interpreted in terms
of Rashba [7] and spin Hall effect-induced torques [1] and
the complexity of the spin transport in such systems is
currently under intense investigations [8–10]. A major
progress in this field has been to recognize the importance
of Dzyaloshinskii-Moriya interaction (DMI) [11]. DMI re-
sults from the spin-orbit coupling in systems with broken
inversion symmetry and is a necessary ingredient for the
emergence of skyrmions and chiral spin textures [12–14].
Interestingly, DMI also arises from the interfacial spin-
orbit coupling in ultrathin magnetic bilayers [15, 16] and
results in chiral magnetic domain walls [14], providing an
explanation to mysterious experimental behaviors such as
current-induced domain wall motion against the electron
flow [15, 17, 18].
In conjunction with electrically driven spin-orbit
torques, another adjacent emerging topic aims at exploit-
ing magnon flows and propagating spin waves instead
of electrical carriers [19]. Indeed, magnons can carry
spin currents [20], transmit information [21] and even
control the motion of magnetic domain walls [22, 23]
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FIG. 1. (Color online) Schematics of the in-plane magnetized
stripe studied in this work. The magnetization is initially
oriented along x and propagating spin waves are generated
by an ac field applied in the center of the stripe at x = 0.
Due to Dzyaloshinskii-Moriya interaction, the spin wave flow
induces effective fields, BFL ∝ y and BDL ∝m× y resulting
in small deviations of the background magnetization ∆my,z.
and skyrmions [24]. The magnon flow may be driven
by radio-frequency (RF) magnetic fields or temperature
gradients [25], the latter being an important topic of the
spin caloritronics field [26]. Recently, it has been real-
ized that DMI impacts the propagation of spin waves
just like spin-orbit coupling affects the electron flow, re-
sulting in topological behaviors such as the magnon Hall
effect and edge currents [27]. It was reported that the
DMI effect on the spin wave dispersion is similar to the
Rashba spin-orbit coupling effect on electron dispersion
[28–30]. Therefore, one anticipates that the spin-orbit
torque due to electron flow in Rashba spin-orbit coupled
systems might have its counterpart due to magnon flow
in systems displaying DMI.
In this Letter, we demonstrate that even in the absence
of a magnetic texture, a magnon flow generates torques
if magnons are subject to DMI just as an electron flow
generates torques when submitted to Rashba interaction,
even when the magnetization is homogeneous [8, 9]. A
direct consequence is the capability to control the mag-
netization direction of a homogeneous ferromagnet by
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2applying a temperature gradient or a local RF field to
generate the magnon flow. We show that merging the
spin-orbit torques with spin caloritronics is rendered pos-
sible by the emergence of DMI in magnetic materials and
opens promising avenues in the development of chargeless
information technology.
The magnon-induced torque arises both in longitudinal
in-plane and perpendicular magnetic anisotropy systems.
For simplicity, we demonstrate it only for the longitudi-
nal in-plane magnetic anisotropy case. The other case is
treated in Ref. 31. Let us consider a thin magnetic film
with a magnetization aligned along the in-plane easy axis
(x-axis) and subjected to an external ac magnetic field
applied locally to make spin waves propagate along the x-
axis, as displayed in Fig. 1. In this system, the magnetic
energy reads
W = A
∑
i
(∂im)
2 −Dm · [(z×∇)×m] (1)
+2piM2s (m · z)2 −K(m · x)2,
where the first two terms are the symmetric exchange
(A) and antisymmetric Dzyaloshinskii-Moriya (D) ex-
change energies, the last two terms are the demagnetiz-
ing (2piM2s ) and the in-plane anisotropy (K) energies,
and ∇ = (∂x, ∂y, ∂z). The form of the DMI we adopt
here is derived for a cylindrically symmetric system with
an interfacial inversion asymmetry along the normal z
[13, 15]. All along the present study, we consider that
the DMI is smaller than a certain threshold value Dc
so that the uniformly magnetized state is energetically
stable [29, 31].
Before going forward with the simulations and in or-
der to get a quantitative understanding of the physics at
stake, we first analytically derive the magnon-mediated
Dzyaloshinskii-Moriya torque. We assume that in the
absence of magnon flow, the magnetization is initially
aligned along the in-plane anisotropy axis ηx (η = ±1).
The magnon flow then induces a (dimensionless) devi-
ation of m from ηx. To describe this deviation, we ex-
press m in spherical coordinates, m = srer+sθeθ+sφeφ,
where er is a unit vector along the time-averaged mag-
netization direction and eθ,φ · er = 0. Due to the spin
wave, parametrized by (sθ, sφ), sr is smaller than 1 since
s2r + s
2
θ + s
2
φ = 1. We show below that in the presence of
the DMI, er deviates from ηx. We denote the deviation
along y and z directions by ∆my and ∆mz, respectively.
These deviations imply that the magnon flow generates
effective magnetic fields along y and z directions, which
in turn induce torques. Since their magnitudes are pro-
portional to D, we call them DM torques. To determine
∆my,z [31], one injects the spherical expression of m into
the Landau-Lifshitz-Gilbert (LLG) equation, defined as
∂tm = γm×∂mW +αm×∂tm, and after averaging over
time we obtain the differential equations describing the
spatial variation of the deviations [31]
∂2x∆my −
1
λ2
∆my =
D∗
J
〈sφ∂xsθ〉, (2)
∂2x∆mz −
1
λ2d
∆mz = −ηD
∗
J
〈sφ∂xsφ〉, (3)
where λ (=
√
J/Hk) and λd (=
√
J/(Hk +Hd)) are the
in-plane and out-of-plane characteristic lengths of the
magnetic texture, with J = 2A/Ms, Hk = 2K/Ms,
Hd = 4piMs, and D
∗ = 2D/Ms. The right hand sides
of Eqs. (2) and (3) show that the deviations ∆my,z
are driven by DMI, mediated by propagating spin waves.
The right hand sides are at least in the second order in
spin wave amplitude. Thus to evaluate ∆my,z up to the
same order, it suffices to evaluate sθ and sφ only up to
the first order by using the linearized LLG equation,
∂tsθ + α∂tsφ = γJ∂
2
xsφ − γHksφ, (4)
∂tsφ − α∂tsθ = −γJ∂2xsθ + γ(Hk +Hd)sθ. (5)
For the situation depicted in Fig. 1 where the spin wave
is generated at x = 0 by a localized ac magnetic field,
Eqs. (4) and (5) yield a spin wave, ψm = sθ + isφ, of the
form
ψm = e
−|x|/2Λ[s0θ cos(q|x| − ωt) + is0φ sin(q|x| − ωt)],(6)
Λ = γJq/αω, ω = γ
√
(Jq2 +Hd +Hk)(Jq2 +Hk),(7)
where 2Λ is the spin wave attenuation length. Now,
by inserting Eq. (6) into Eqs. (2) and (3), and tak-
ing the time average over a spin wave precession period
(i.e. 〈sφ∂xsφ〉 = − sign(x)4Λ (s0φ)2e−|x|/Λ and 〈sφ∂xsθ〉 =
− sign(x)q2 s0φs0θe−|x|/Λ), we can track the impact of this
damped spin wave on the deviations ∆my,z. Consider-
ing that the right hand sides of Eqs. (2) and (3) are odd
functions of x, ∆my,z should vanish at x=0. Combined
with the boundary condition, ∆my,z|x→∞ = 0, one finds
that
∆my = −sign(x)H
eff
DMF
Hk
Λ2
Λ2 − λ2 (1− e
−|x|/λ∗), (8)
∆mz = ηsign(x)
HeffDMD
Hk +Hd
Λ2
Λ2 − λ2d
(1− e−|x|/λ∗d), (9)
where HeffDMF = D
∗qs0θs
0
φe
−|x|/Λ/2 and HeffDMD =
D∗(s0φ)
2e−|x|/Λ/4Λ and λ∗−1(d) = λ
−1
(d) − Λ−1. Note that
∆my,z are proportional to D and spin wave amplitude
square, implying that the magnon flow generates effec-
tive magnetic fields along y and z directions. Considering
that m ≈ ηx, the two field directions may be represented
as y and y×m, consistently with the absence (presence)
of the factor η in Eq. (8) [Eq. (9)]. These fields gener-
ate the DM field-like torque (FLT) ∝m×y and the DM
damping-like torque (DLT) ∝ m× (y ×m), in complete
analogy with the Rashba torque [8, 9]. Note also that
∆my,z are proportional to sign(x), implying that in the
3two regions, x >0 and x <0, where the spin wave prop-
agates in the opposite directions, the effective field signs
are opposite. Thus the vectors y and y×m for the fields
actually amount to z× jm and (z× jm)×m, respectively,
where jm is the spin wave current.
To get a further insight into the impact of propagat-
ing spin waves on the otherwise spatially homogeneous
background magnetization, we now show micromagnetic
simulation results for a semi-one dimensional system (i.e.,
the system is discretized along the length direction with
the unit cell size of 4 nm - total length of 16 µm -,
but not along the width or the thickness direction). We
solve the LLG equation with the magnetic energy func-
tion given in Eq. (1). We define the gyromagnetic ra-
tio γ = 1.76×107 Oe−1s−1, the saturation magnetization
Ms = 800 emu/cm
3, the exchange stiffness constant A =
1.3×10−6 erg/cm, and vary the easy axis anisotropy field
Hk, the demagnetization field along the thickness direc-
tion Hd, and the damping constant α. To excite spin
waves, we apply an ac field Haccos(2pift)y to two unit
cells at the center of the model system (x = 0) where
Hac=100 Oe. This choice of the localized ac field is con-
sistent with the situation assumed for Eqs. (8) and (9).
We consider the absorbing boundary condition [32, 33]
at the system edges to suppress spin wave reflection.
Figure 2(a) shows the spatial distribution of the trans-
verse projection of the magnetization directionmy for dif-
ferent DMI coefficients D. For D = 0, the spatial distri-
bution of my is symmetric with respect to the spin wave
source (x = 0) and described by my ∼= 0+sy(x) cos(q|x|−
ωt), where ”0” represents the y-component of the back-
ground magnetization and the spin wave amplitude sy(x)
decays with growing |x| due to damping. For D 6= 0,
on the other hand, the distribution acquires an anti-
symmetric component ∆my(x) with respect to x=0 and
my ∼= ∆my(x) + sy(x) cos(q|x| − ωt), according to Fig.
2(a). Thus the propagating spin wave modifies the y-
component of the background magnetization from 0 to
a nonzero time-averaged value ∆my(x), which is shown
in Fig. 2(b) for a background magnetization initially
lying along +x. Reversing the direction of the back-
ground magnetization along −x does not change the sign
of ∆my [see Fig. 2(c)]. Thus the simulation result for
∆my is qualitatively consistent with the vector expres-
sion - z × jm obtained from Eq. (8). For a quantitative
comparison, Figs. 2(b) and (c) show the deviation ∆my
for various values of α, where symbols are numerical re-
sults and lines are obtained from Eq. (8). When s0θ and
s0φ in H
eff
DMF are determined from the numerical simula-
tion result at x=0, the analytical expression reproduces
the numerical results very well for entire range of x. The
result for vanishingly small α (=10−5) is worth empha-
sis. In this case, ∆my becomes flat and finite away from
x=0. Thus the DM-FLT does not require any spatial
variations of the background magnetization profile (e.g.
domain walls), which differs from the spin-wave-induced
FIG. 2. (Color online) Numerical results for magnon-
mediated Dzyaloshinskii-Moriya field-like torque. (a) Spatial
distribution of the normalized y-component of magnetization
(= my) for D=0 (blue) and D=1.5 erg/cm
2 (red). (b, c)
Normalized magnetization tilting ∆my for various damping
constants α when the magnetization initially lies along +x
(b) and −x (c), for D=1.5 erg/cm2 calculated numerically
(open symbols) and using Eq. (8) (solid lines). In (b, c), the
results with α = 10−5 are multiplied by 1/10.
torque in the absence of the DMI [23].
Another intriguing observation is the emergence of the
DM-DLT [∝ m× (y ×m)] that induces an out-of-plane
deviation ∆mz. Figures 3(a) and (b) show the spatial
distribution of ∆mz for different α when the magneti-
zation is initially aligned along +x and -x, respectively.
For clarity, we assume Hd = 0 to make λd and ∆mz
larger. The numerical results (open symbols) are in good
agreement with Eq. (9) (solid lines) and ∆mz consis-
tently changes sign with the magnetization direction. As
demonstrated by Fig. 3 and Eq. (9), the DM-DLT is pro-
portional to the damping constant α (since Λ ∝ 1/α),
which echoes the non-adiabatic correction to the elec-
tronic spin torque in the presence of spin-flip relaxation,
as proposed by Zhang et al. in magnetic textures and
spin-valves [34]. In metallic systems, the spin relax-
ation modifies the spin dynamics of the itinerant elec-
trons which results in an additional torque component
of the form −βm × τ , where τ is the torque in the ab-
sence of spin relaxation and β is proportional to the spin
relaxation rate [34]. The same effect is at the origin of
the non-adiabatic torque in electron-driven and magnon-
driven magnetic excitations: the magnetic damping α not
only attenuates the spin wave current, but also relaxes
4FIG. 3. (Color online) Numerical results for magnon-
mediated Dzyaloshinskii-Moriya damping-like torque. (a, b)
Normalized magnetization tilting ∆mz for various damping
constants α when the magnetization initially lies along +x
(a) and −x (b), for D=1.5 erg/cm2 calculated numerically
(open symbols) and using Eq. (9) (solid lines). Here we as-
sume Hd=0.
the spin polarization carried by the spin waves produc-
ing the additional damping-like torque proportional to
HeffDMD. As a result, the overall magnitude of ∆mz van-
ishes in the limit of zero damping (see Ref. 31).
So far we have discussed the effect of the spin wave
ψm = sθ + isφ on ∆my,z. Still further insight can be
gained by considering the effect of ∆my,z on ψm. For
this, we go beyond the linearized LLG equation and in-
troduce to Eqs. (4) and (5) the lowest order coupling
terms between ∆my,z and ψm, which are linear to both
∆my,z and ψm. In the short wave length regime, where
the exchange and DM interactions dominate over the
anisotropy, the resulting equations fall into the follow-
ing form of the effective Schro¨dinger equation
i~∂tψm = Hˆmψm =
(
pˆ2
2m∗
+
αDM
~
pˆ · (z×m)
)
ψm,
(10)
where pˆ = −i~∇ is the momentum operator, m∗ =
~Ms/4γA is the magnon mass and αDM/~ = 2γD/Ms is
Dzyaloshinskii-Moriya velocity for the spin waves. This
equation instructively resembles Schro¨dinger’s equation
of an itinerant electron spin in a homogeneous magnetic
two dimensional electron gas in the presence of Rashba
spin-orbit coupling [7]
i~∂tψe =
(
pˆ2
2m
+
αR
~
pˆ · (z× σˆ) + Jexm · σˆ
)
ψe, (11)
where αR is the Rashba spin-orbit coupling and Jex is
the s-d exchange between itinerant electron spins σˆ and
the local moments aligned along m. Equations (10) and
(11) differ by the presence of the s-d exchange term. In-
deed, in contrast with electron spins, the magnon spin
is by definition aligned along the local magnetization di-
rection and its wavefunction ψm is not a two-component
spinor. Nevertheless, their similarity implies that prop-
erties of the Rashba system, such as current-induced
Rashba field (also called inverse spin galvanic effect) of
the form HR = αRmz × js/~Ms, (js being the flowing
spin current) [8], are at least partly enabled by the pres-
ence of DMI in magnonic systems. The propagating spin
wave and background magnetization m interact through
the energy term (αDM/~)〈pˆ〉m · (z × m), where 〈...〉m
denotes the quantum average on the magnon state ψm.
This interaction term yields a torque of the form
TFL = γm× ∂m〈Hˆm〉 = −m× {αDM~ z× 〈p〉m}(12)
The expression within the brackets {...} is nothing but
the effective field of the DM-FLT, HDMF, and 〈p〉m
amounts to the spin wave current. The DM-DLT can
be obtained qualitatively by considering the correction
due to the damping on the spin wave dynamics [see Eqs.
(4)-(5)]. In a Landau-Lifshitz approach, the magnetic
damping corrects the torque by adding a contribution of
the form γαm×(m×HDMF) that produces the DM-DLT
term.
We next discuss the DM torque arising from the flow
of magnons generated by the thermal gradient. Such a
magnon flow is free from two drawbacks of the magnon
flow generated by RF field: (i) the wavelength 2pi/q
of the spin wave is rather large (74 nm in the present
study) producing a very small effective field [HeffDMF <0.15
Oe in Fig. (2)] and (ii) the magnon flow (hence, the
DM torque) vanishes away from the RF source over
the attenuation length Λ. Therefore, thermal magnons
driven by a uniform temperature gradient, ∇T , are in-
teresting candidates for the proposed effect. Following
Eq. (12), these magnons exert a torque of the form
TthFL = (αDMm
∗/~Ms)m × (z × jm) on the magnetiza-
tion, where jm is the magnon flow and can be estimated
using a phenomenological Boltzmann equation [31, 35]
jm =
kB∂xT
2piα
[∫ Tc/T
KV/kBT
xexdx
(ex − 1)2
]
x. (13)
To evaluate the amount of magnonic current flowing
through the system, we choose reasonable parameters
for YIG as found in the literature [22, 36]: α = 10−4,
V ≈ 1.9nm3, K ≈ 2 × 105 erg/cm3, Tc = 550K,
T = 300K, and ∂xT = 20K/mm. Under these condi-
tions, for a 1nm-thick magnetic slab, the flow of magnons
is jm ≈ 2.29 × 1024s−1.cm−1, two orders of magni-
tude smaller than the usual critical switching current
in conventional spin transfer torque configuration (≈
1026s−1.cm−2). The effective magnetic field generated
by this magnon flow is HFL = ~D/(2AMs)jx ≈ 1.7 Oe,
which is at least one order of magnitude larger than the
effective field obtained from RF spin waves in this work.
This conservative estimation leaves plenty of room for
improvement such as (i) increasing the temperature gra-
dient, (ii) reducing the magnetization damping, (iii) de-
creasing the magnetic anisotropy, and (iv) increasing the
5DMI. Tuning the parameters within a reasonable range
[31], it is possible to obtain ∆my,z up to 1% which should
be observable experimentally. Indeed, Fan et al. [37],
measured a magnetization tilting of 0.1% using MOKE,
corresponding to a sensitivity of about 1µ-rad while Xia
et al. [38] showed a MOKE sensitivity of 60 n-rad.
In the present Letter, we demonstrated that
Dzyaloshinskii-Moriya interaction mediated by spin
waves can generate a torque on a homogeneous magne-
tization that resembles the Rashba torque, its electronic
counterpart, displaying both field-like and damping-like
components. The torque is expected to be much more
efficient in the case of a magnon flow driven by a thermal
gradient than for a standard RF-excited spin wave. It is
important to stress out that our results are not limited
to systems displaying interfacial DMI but can be also ex-
tended to materials accommodating bulk DMI since the
energy functional needs only to display an antisymmetric
exchange term
∑
ij Dij · Si × Sj , such as in pyrochlore
crystals [27] and chiral magnets [39]. The present re-
sults build up a bridge between spin-orbit transport,
magnonics and spin caloritronics and is expected to be
detectable in systems ranging from thin magnetic bilay-
ers to skyrmion crystals.
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